Functional neuroimaging studies of attention-deficit/hyperactivity disorder (ADHD) have focused on the neural correlates of cognitive control. However, for many youths with ADHD, emotional lability is an important clinical feature of the disorder. We aimed to identify the neural substrates associated with emotional lability that were distinct from impairments in cognitive control and to assess the effects that stimulants have on those substrates. We used functional magnetic resonance imaging (fMRI) to assess neural activity in adolescents with (N = 15) and without (N = 15) ADHD while they performed cognitive and emotional versions of the Stroop task that engage cognitive control and emotional processing, respectively. The participants with ADHD were scanned both on and off stimulant medication in a counterbalanced fashion. Controlling for differences in cognitive control, we found that during the emotional Stroop task, adolescents with ADHD as compared with controls demonstrated atypical activity in the medial prefrontal cortex (mPFC). Stimulants attenuated activity in the mPFC to levels comparable with controls.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is among the most common diagnoses in pediatric psychiatry with 3-10% of school age children affected by the disorder (Barkley, 2005) . Although ADHD is characterized by inattention, hyperactivity, and impulsivity, one of the most challenging aspects of the disorder is the heightened emotional lability (EL) that is highly prevalent in children with ADHD (Barkley, 1997a) . Emotional lability indicates a tendency for intense, or strong, emotional reactions (Maedgen and Carlson, 2000; Conners, 2008; Sobanski et al., 2010) and has been described in youths with ADHD in both the clinical and research literature (Barkley and Fischer, 2010) for several decades, beginning as early as 1798 with Alexander Crichton's description of hyperactive children demonstrating a "morbid exaggeration of emotional excitability" (Crichton, 1798). In addition, epidemiological studies demonstrate that youths with ADHD have rates of depression and anxiety disorders far beyond those expected by chance alone (Biederman et al., 1991) .
Despite the clinical significance of EL in ADHD, its neurobiological substrates are unknown. There are two main, competing hypotheses. The first maintains that EL in ADHD patients stems primarily from impairments in cognitive control and this manifests itself as an impaired capacity to suppress responses elicited by emotional stimuli (Barkley, 1997b) . The competing hypothesis maintains that it is emotional processing itself that is dysfunctional with emotional stimuli generating unusually, strong emotional responses in youth with ADHD (Sonuga-Barke et al., 1992) . Neuroimaging studies that have examined emotional processing in ADHD subjects have not fully tested these two hypotheses because they did not attempt to disentangle emotional processing from more general deficits in cognitive control (Peterson, 2003) . To overcome this, we used functional magnetic resonance imaging (fMRI) to examine whether adolescents with ADHD have altered task-related activation during an emotional processing task and whether these atypical task-related activations could be dissociated from activations associated with cognitive control.
To examine emotional processing, we used an emotional Stroop task (Whalen et al., 2006; Passarotti et al., 2009) . In this task, we presented participants with neutral and emotionally salient words (i.e., words such as 'month' and 'death,' respectively). The emotionally salient words had either positive or negative valence (e.g., 'happy' or 'hate,' respectively). On each trial, the same word was written several times (Fig. 1A) . The task was to indicate on a keypad the number of Psychiatry Research: Neuroimaging 193 (2011) 151-160 
